Abstract: External fixators enable distraction osteogenesis and gradual foot deformity corrections. Hexapod fixators have become more popular than the Ilizarov apparatus. The Ortho-SUV Frame (OSF), which is a hexapod that was developed in 2006, allows flexible joint attachment so that multiple assemblies are available. We assessed the reduction capability of several assemblies. An artificial bone model with a 270-mm-long longitudinal foot was used. A 130-mm tibial full ring was attached 60 mm proximal to the ankle joint. A 140-mm, 2/3-ring forefoot was attached perpendicular to the metatarsal bone axis. A 130-mm, 2/3-ring hindfoot was attached parallel to the tibial ring. A V-osteotomy, which was combined with 2 oblique osteotomies at the navicular-cuboid bone and the calcaneus, was performed. The middle part of the foot, including the talus, was connected to the tibial ring. Five types of forefoot applications and 4 types of hindfoot were assessed. The range of correction included flexion/extension in the sagittal plane, adduction/abduction in the horizontal plane, and pronation/supination in the coronal plane. Additionally, we reported short-term results in 9 clinical cases. Forefoot applications, in which the axis of the hexapod was parallel to the axis of the metatarsal bones, had good results with 52/76 (flexion/extension), 48/53 (adduction/abduction), and 43/51 (pronation/supination) degrees. Hindfoot applications, in which the hexapod encircled the ankle joint, had good results with 47/58, 20/35, and 28/31 degrees, respectively. Clinically, all deformities were corrected as planned. Multiple assemblies and wide ranges of corrections are available with OSF. 
arthrodesis with screws or wires are used (1, 2, 3) . Sometimes, these corrections may result in skin necrosis, 43 lack of correction, and neurovascular complications, especially in the presence of multiplanar deformities or 44 scar tissues due to histories of infection, burns, or multiple operations where the motion of nerves and blood 45 vessels are potentially restricted (4, 5) . The surgical goals are maximum correction with minimal bone 46 resection and the establishment of a functional, pain-free, and plantigrade foot with good mobility (6) . 47 The use of external fixation can avoid complications and is less invasive. It also enables distraction 48 osteogenesis in contrast to simple shortening due to resection osteotomy for acute corrections. The Ilizarov 49 apparatus has been widely used for foot deformity corrections, and many reports have described its 50 advantages (4) (5) (6) (7) (8) (9) . However, hexapod frames, which have become popular recently, enable us to correct 51 complicated deformities simultaneously, while the Ilizarov apparatus needs to be reassembled and adjusted 52 for each deformity (4) . Corrections with the Taylor Spatial Frame (TSF) (Smith and Nephew Inc., Memphis, 53 TN), which is the most widely used hexapod, have been reported (10) (11) (12) . 54 The Ortho-SUV Frame (OSF; Ortho-SUV Ltd., Vreden Russian Research Institute of Traumatology and 55 Orthopedics, St. Petersburg, Russian Federation) was developed in 2006, and so far it has had success in long 56 bone corrections and knee contractures (13) (14) (15) (16) (17) (18) (19) . OSF, which is the same as the TSF, can be adjusted in all 6 57 spatial degrees of freedom by 6 struts ( Figure 1A ). On the strut, a mobile cylinder rotates in order to change 58 the length, and it has a minimum length of 94 mm ( Figure 1B ). Joints can be attached to the many kinds of 59 base apparatuses, including the Ilizarov, TSF, and other kinds of rings, and the attachable places and levels 60 are not limited ( Figure 1C ). This flexibility is the biggest difference in the OSF compared to the TSF, and it 61 allows for various kinds of assembly. After measuring all of the lengths of the struts and the distances 62 between the adjacent joints and inputting the data into the computer software, multiplanar corrections are 63 available with a user-friendly program with which mistakes rarely occur ( Figure 2 ).
64
Applying the hexapod to the foot is difficult due to its L-shaped contour in the lateral view. The narrow 65 space may result in a collision between the struts, frames, and skin, and, thus, consideration of these issues 66 ahead of time is necessary in order to acquire a wide range of correction. In addition, the flexible joint 67 attachment of the OSF allows for multiple applications, which are possibly confusing to select. The aim of 68 this study was to assess the reduction capabilities of several configurations of the OSF. In addition, we 69 assessed the short-term outcomes of 9 adult patients who were treated with OSF.
71

Materials and Methods
73
Artificial bone model and basic components 74 The ranges of correction vary according to the shape of the bone and the size and location of the rings. The 75 basic composition in this study is described below.
76
Artificial bone models of the tibia, the fibula, and the whole foot were obtained from Pacific Research 
80
They included several kinds of rings, threaded rods, female/male posts, hinges, plates, twisted plates, 81 washers, 6-mm-diameter half-pins, half-pin fixators, 1.8-mm-diameter olive wires (wire with stopper), 82 wire-fixation bolts, bolts, and nuts. 83 First, bones were assembled and fixed in a neutral position without plantar/dorsal flexion of the ankle joint.
84
A 130-mm full ring was attached 60 mm proximal to the ankle joint with a wire that was inserted through the 85 fibula and tibia, and two half-pins were inserted into the tibia. The talus was fixed with a wire (for forefoot The OSF has 6 joints. Three each are attached to the proximal and distal components. The proximal 95 component is called the "base-," and the distal one is called the "mobile-," and opposite setting is possible. 96 The struts contain the serial numbers from the first to the sixth (Figure 1 ). The anterior 2 struts were set as 97 the first and the second in this assessment. The minimum length of the struts was 94 mm. We set 290 mm as 98 the maximum in order to avoid the risk of bowing or instability, even though there is technically no limit. 99 The 3 factors that defined the configurations are considered below: 100 -The hexapod included the foot inside it or not.
101
-The axis of the hexapod was parallel to the tibia, forefoot, or hindfoot. Table 2 shows the range of correction of each assembly. Among the hindfoot groups, H1 and H2 had good results with over 50 degrees of total range for every 149 deformity. With H1, H2, and H3, the ranges of adduction/abduction were the same because the edge of the 150 2/3 ring contacted the bone at this range, and this limit was thought to be due to the basic configuration and 151 not to the type of assembly. H3 and H4 had poor results for pronation/supination and adduction/abduction, 152 respectively. 153 The mean length of the lengthening correction was 114 mm in the forefoot assemblies and 95 mm in the 154 hindfoot. 155 The lengths of the struts were measured in all configurations. The results of F1 are shown in Table 3 . The 156 mean length at the neutral position was 159 mm. In the 5 directions of extension, adduction/abduction, and 157 pronation/supination, one of the struts was the minimum length of 94 mm, which limited the range. In all 54 158 assemblies (except for the lengthening model), the maximum correction range depended on the following 3 159 factors: the collision between the struts, frame, and bone (25 assemblies), the strut length (23 assemblies), 160 and the mechanical limit of the angle at the joint between the strut and the frame (6 assemblies) ( Table 4) . 161 Among the forefoot group, the most numerous factors were the strut lengths (57%), and, among the hindfoot 162 group, the most numerous factors were the collisions (67%). (6) . 173 One severe case of osteomyelitis occurred due to a collision between swelled skin and the edge of the 174 calcaneal ring during the maturation period after the correction, and this required removal of the whole frame 175 (patient 3). In addition, a reosteotomy was also necessary for an early consolidation (patient 8). Although were thought to be able to lengthen the fragments. The ranges of correction were limited by 3 factors (Table   200 4). They could be excluded in clinical cases in which the deformity was in either direction, although 2 201 contrary directions were assessed in 1 basic configuration in this study. The ideal configuration that is 202 suitable for each patient should be planned preoperatively. 203 With both the Ilizarov apparatus and the hexapod frame, one can acquire the desired correction gradually 204 after the operation, and correction speed and direction are also adjustable depending on neurovascular or skin 205 problems. Thus, it can be ensured that the patient is comfortable and satisfied with the foot position prior to 206 accepting the final position (6, 11, 12) . The hexapod can correct multiplanar deformities simultaneously. 207 However, hinge adjustments and rotational corrections remain difficult with the Ilizarov apparatus. The foot 208 deformities usually contain more complicated deformities than the long bones, and the hexapod frame works 209 effectively. An accurate correction of a foot deformity using TSF is expected as the accuracy of the lower 210 limbs had been reported (20, 21) . Eight types of TSF configurations for feet are available (12, 22) , and some 211 of them have been used clinically and the good results are reported (10, 11) . 212 In this report, the direct comparison of reduction capability between OSF and TSF was not performed 213 because the condition, which is appropriate for both of them, with multiple configurations, could not be Table 2 . Range of correction according to the types of assembly.
308
Among the forefoot groups, F3 and F4 had good results with total range of over 80 degrees. Among the 309 hindfoot groups, H1 and H2 had good results with over 50 degrees of total range for every deformity. 310 Table 3 . Length of the struts at the each maximum correction in F1 assembly.
311
The mean length at the neutral position was 159 mm. In the 5 directions of extension, adduction/abduction, 312 and pronation/supination, one of the struts was the minimum length of 94 mm, which limited the range. The maximum correction range depended on the 3 factors. Among the forefoot group, the most numerous 315 factors were the strut lengths (57%), and, among the hindfoot group, the most numerous factors were the 316 collisions (67%). The direction of the 6 struts and joints are traced on the imported anteroposterior and lateral X-ray images.
330
After inputting the data, confirmation steps can be acquired. The tibial ring was fixed 60 mm away from the ankle joint and connected to the calcaneal 2/3 ring. A wire was inserted into the talus, which is connected to the tibial ring by rods. The 2/3 ring was attached to the metatarsi. An osteotomy was performed at the navicular-cuboid bone. A horseshoe-shaped ring is attached to the foot. The axis of the hexapod is parallel to the tibia. The deformity between the lower leg and the whole foot can be corrected. 
